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Introduction
1
The purpose of this study is to determine the effects
of sand admixtures on the physical properties of Boils.
Soil may be defined as a heterogenous collection of
rock and mineral fragments whose decomposition and
disintegration have been brought about by the action of
physical, ohemical, and biological forcea, working singly
\1)
or in combination.
Soils are of importance in many different fields
such as agriculture, geology, pedology, and engineering
construction of all kinds where foundation studies are
of importance. This research is done mainly for the
purpoae of determining factors which are of ma~or impor_
tance in the oonstruotion of highways where the 8ubgrades
attraot primary attention, and also in the construotion
of stabilized gravel roads whioh require deposits of
suitable plastic clays. Likewise, in recent years, many
state highway departments have taken great strides toward
realization of the tremendous benefits to be obtained and
the economies that can be effeoted by studying and testing
the soil and applying practically the resultant knowledge.
The use of laboratory test data as a means of
predicting the performanoe of the soil as a Bubgrade
a number of uncontrollable
Emerson PaUl, Soil Charaoteristics, p. 1, (1925)
2conditions. For example, homogenous soils are practically
non - existent and eaoh variation in the proportions of
the various sized grains may influence numerous other
physical properties. In addition, the shape and composition
of the particles and percentage of voids are also important
factors, bearing on such soil characteristics as porosity,
cohesion, plasticity, shrinkage, shear resistance, and
elasticity.
When soil is removed from its natural state and
recompaoted its struoture is disturbed which again haa a
great bearing on the determination of the 80il's reactions
to the flow of water, its resistance to deformation under
loading, its density and other important charaoteristics.
Other than the above mentioned facta the addition
of materials of different grain and particle sizes have
different effects on the physical properties of Boils.
This study is divided mainly into three parts which
are:
Part 1: Effects of sand admixtures on the plastic
limit values of soils.
Part 2: Effects of sand admixtures on the liquid
limit values of soils.
PB~t 3: Effects of sand admixtures on the shrinkage
limit values of soile.
Plastic, liquid, shrinkage limits are three of the
most important physical properties of subgrade soils
whioh should be given great attention in highway subgrade
and surface stabilized construction.
In the conviction that the study of soils, with respeot
to highway engineering, is becoming more and more important
this study was undertaken in order to learn whether the
addition of sand would lead to desirable results, and if
not, at least secure Borne further addition to our present
knowledge of soil behavior.
4Review of Literature
It is known that Bome previous work along this line
has been done by some of the noted scientists but the
results have been non - conclusive and furthermore very
little has been published. Many tests have been run with
several different kinds of soile to determine the physical
properties of soile but hardly any attempt has been made
to determine the effects of sands of different grain sizes
and shapes on the physical properties of subgrade soile.
About 1910 an attempt was made by the noted scientist
Albert Atterberg to determine the effects of the addition
of sand on the plasticity of clays which is explained
briefly as follows:
In fiXing of flow limit and rolling limit of clays a
revised adaptation of Bischot1s method was used by Atterberg,
in which the clay is mixed with varying amounts ot sand ot
different fineness ( 0.2 to 0.06 rom ) and the effect of
such additions on the plasticity studied. Atterberg's
method consisted in adding fine sand to the clay powder
in the ratio of clay to sand of 1 : 0.5, 1 : 1, 1 : 2.
The lower tlow limit, the condition of normal consistency,
and the rolling limit or the lower plasticity limit were
then determined in these three mixture•• It the mass at
the flow limit could not be rolled into threads, it was
considered as non - plastic. Those clays which could be
mixed with two parte of sand without losing their plasticity
5were considered as belonging to the first class, or of
highest plasticity, those which could carry only an
equal part of sand were put into the seoond olass, while
those which lost their plasticity upon an addition ot
halt their weight of or practically no sand were classed
third. The results of these experiments showed that the
snape of the sand grains was of much more influenoe than
( 2 )
was their size.
The above mentioned experiments of Atterberg on 19
different clays showed that if a clay haVing a lower
water content at the condition of normal consistenoy
than at the flow limit be mixed with much sand the relative
position of the oondition of normal consistenoy is alway
raised in reference to the flow limit, and in some oases
rises above it, whioh shows that the condition of normal
consistency can not be considered a8 the upper plastioity
limit. In those cases, however, where the water content
of the normal consistency lies above that of the tl~w
limit the latter must be considered as the upper limit ot
plasticity.
Special attention should Oe paid to tne fact that
Atterberg limited his experiments to only tne plastioity
of olays at only three different ratios whioh does not
otfer enough range to draw definite conclusions.
t 2 )
U. S•. Bureau of Standards, Technologic papers,
No: 234, p. 6, ( 1914 - 1915 )
Disoussion
Material Used
Materials used in running the tests were two kinds
of soils and one kind ot sand both passing the No: 40
sieve, the soils retaining on the No: 140 sieve and the
sand retaining on the No: 60 sieve.
The sand used was a mixture of round and angular
shapes hence, it will be called angular - and - rounded.
The complete information about the soils used 1s
given in Table I.
6
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TAaLE I
SOILS "SED IN THE STUDY
~
8Put I
Effects of Sand Admixtures on the Plastic
Limit Values of Soils
Although plasticity is a property that is essential
to the usefulness of clays, it is one for which, after
ages of service, there is no generally accepted conception
which cran be crystallized into a definition. Plastioity
is the property which makes clays workable. Any material
like mud or putty that can be formed readily when a
moderate and simple pressure is applied, and which will
retain whatever shape is thus imparted to it, is called
plastic. This property is commonly jUdged by the feel in
the hands, or the way it behaves on the potter's wheel.
But such methods are not oapab~e of giVing anything
approaching a reliable measure of plasticity, and it is
becoming increasingly important to measure this property
so that tIle plasticity of a clay can be expressed as a
definite, quantitative value. It is to the advantage of
both the producer and the purchaser, in business, to
have a definite idea about the plastic property of the
clay whioh can only be aocomplished by producing a list
with definite, quantitative values.In any kind of scientific
study which deals with clays, it is reasonably certain
that a quantitative expression of the clays would be
useful. With the above mentioned facts in view the U. S.
Bureau of Standards had undertaken a study of this
9property and had made a list, including the analysis, of
the proposed methods of measurement which have gained
some recognition.
10
Methods of Measuring Plasticity
1 ) Dye - Absorption Test
Cl~s exhibit many properties oommon to substances
in the colloidal state, such as hydrolysis, absorpt'ion,
shrinkage, ability to change from solid to gel form and
vica versa. The colloidal theory is probably the moat
widely accepted explanation for the cause of plasticity,
and the analogy between olays and substances in the
colloidal state has led a number of investigators to look
to the field of colloidal chemistry for a possible solution
of the problem of measuring plasticity. Thus Ashley,
assuming the plasticity of a clay to be inversely proportional
to the grain size, reasoned that the olay with the highest
colloidal content would be the most plastic.
Plastioity is not, however, entirely due to the
presenoe ot colloidal matter in clays, though the effects
of colloids in increasing plasticity can not be denied.
In determining the colloid content Ashley used the
dye - aosorption test. The absorption of a clay is
usually determined by noting the 10SB ot color ot a dye
solution, such as malachite green, and comparing it with
another similar solution to which a standard olay has
been added. It is known that the different colloids have
difterent absorptive powers toward a single dye and it
is not reasonable to assume that the oolloidal matter in
all clays is the same; hence this method ot determining
It 1s therefore not expedient to discuss the several
11
the colloidal content is open to a serious objection.
In other words, in order for this method to be correct
the colloidal matter in different clays would have to have
(3)
the same aosorptive power, and this is not the case.
( 2 ) Methods Based on Bonding Power
In the study of clays for a number of industrial
purposes, the determination of the handing power, which
is the ability of a clay to impart strength to a dried
mixture made up in part of materials less plastic than
itself, is extremely important. In most cases clays of
high plasticity also have high oonding power, but, as is
recognized by ceramists, bonding power is not identical
with plasticity and is by no means a reliable index to it.
( 4)
proposea methode based on bonding power determination.
Other than the aOove mentioned indirect methods of
measuring plasticity there is one other method which is
. (5)
called the Mac Michael Torsional Viscosimeter which
will not be discussed here as it is entirely out of use,
at present, in determining the plasticity of clays.
Direot Methods
( 1 ) Method of G. E. Stringer and W. F~ery






Bureau of Standards, No: 234, pp.347-348 (1923)
p. 348
pp. 348 - 349
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proportion of water mixed with the clay. The possible
plasticity is that which oan be developed under the best
known conditions. Messrs. Stringer and Emery have measured
the relations between the proportion of water in the olay
mixture and the resistanoe the olay offers to ohanging
its shape, and the deformation the clay oan suffer without
craoking. Their method is, briefly: A sphere of olay
mixture is made 2 centimeters in diameter. This sphere is
plaoed upon a glass slab and this placed under a vertioal
piston. Weights are added to the piston to oause it to
descend upon the clay sphere. The desoent of the piston
is stopped when vertical craoks appear on the edge of the
disc. The distance moved by the descending piston is taken
to represent the amount of deformation the clay could
suffer without oraoking and the weight required to compress
the clay sphere a definite distanoe is taken to represent
the resistance the olay otfers to changing its shape.
They found, by this method, that as water is progressively
added to a olay the plasticity, as determined by tham,
increases to a maximum and then as more water is added(6)
the plastioity gradually deoreases.
The ohief difficulty of using this method was found
in forming the clays in spherical shapes. Furthermore, it
was found to be difficult to obtain ooncordant results
f~~ that the method needed to be modified before it could
Ibid. pp. 349 - 350
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be relied upon.
( 2 ) Atterberg's Plasticity Method
This method 1s based upon the varying physical behavior
of clays with different water contents. TIle range of water
content over the workable stage is determined. The workable
stage is bounded by two points which are arbitrarily fixed,
one point being that at which the clay mass can no longer
be rolled into threads. It is Atterberg's contention that
the wider this range the more plastic is the clay. The
results are expressed as a unit designated as the
• plastioity number" which is empirical. This • plasticity
number • along with the per cent water of plastioity determines(7)
the plasticity of the clay.
Although it is evident that in this method too much
is left to the jUdgement or the person conducting the
tests it has met a fair degree of success compared to the
other methods.
( 8)
( 3 ) Emley Plastioimeter
Although the plasticimeter used in this method
gives fairly definite results in measuring the property
of retaining water and the resistanoe to detormation
under water that a substance possesses, It 1s yet to be
proven whether or not these two properties are an index
of plastioitl,
14
( 4 ) Bingham Plastometer
Prof. E. C. Bingham has developed an instrument for
the investigation of substanoes of plastic nature. In
using this instrument the rate of flow through a capillary
tube under a definite oonstant pressure head is determined.
The flow at several pressures haVing been determined, the
volume discharged per second is plotted against the
pressure producing the flow. For true viscous liquids the
relation is linear and passes through the origin; tor
plastio substanoes the relation is linear at high pressures,
but if this linear portion of the ourve is extended to
the pressure axis it will not interseot the axis at zero
but at a finite point on the pressure axis. The faot that
with plastic substanoes the linear portion of the curve
does not pass through the origin shows that with
SUbstances in this state a certain definite pressure must
be exoeeded before the substance will flow. This definite
initial friction value has to be exceeded and distinguishes
the plastic state from the viscous state. The experiments
by Bingham support the definition by Maxwell ( Theory
of Heat ) that a plastio body is one in whioh the body
1s found to be permanently altered when the stress(9)
exoeeds a certain value.
9)
Ibid. pp. 351 - 352
Among the above mentioned methods the &leedish
r91ent1st Albert Atteroerg I s method i-8 found to be the
15
most practioal and, furthermore, determined, actually,
the plastic properties of a olay; oonsequently, this
method was used in the preperation of this paper.
Definition of the plastic limit:
The plastic limit of a Boil is the lowest moisture
content, expressed as a percentage of the weight of the
oven - dried soil, at which the Boil can be rolled into
threads ~8 inch in diameter without the threads breaking
(10)
into pieces.
The apparatus consisted of:
1A porcelain evaporating dish about 4 /2 inch in
diameter,
A spatula haVing a blade about 3 inches long and
about 3/4 inch wide,
A ground - glass plate on which to roll the sample,
Suitable containers whioh prevent the loss or
moisture,
A balance sensitive to 0.001 gram.
Sample: A sample of Clarkswille soil weighing 10
grams was taken from the thoroughly mixed portion of the
material passing the No: 40 sieve and was mixed with
sand passing the No: 40 sieve at the ratios of 1 : 20,
2 : 20, 3 : 20, 4 : 20, 5 : 20, 6 : 20, 7 : 20, 8 : 20,
9 : 20, 10 : 20, sand to clay respectively. ( latios
by weight )
16
Prooedure: The mixture of the air dried soil and sand
was plaoed in the evaporating dish and was mixed with
water until the mass beoame plastio enough to be easily
shaped into a ball. The ball of soil was then rolled
between the palm of the hand and the glass plate with
Just sufficient pressure to form the 80il mass into a
thread. When the diameter of the resulting tnread became
about ~8 of an inch the Boil was kneaded together and
again rolled out. This process was oontinued until the
orumbling of the soil prevented the fprmation of the
thread. The portions of the crumbled Boil were then gathered
together and plaoed in the containar. The mixture in the
container was weighed and the weight was reoorded. The
mixture in the container was then oven - dried to oonstant
o
weight at a temperature or 110 C and was weighed again.
This weight was reoorded and the loss in weight was
determined as the weight of water.
The plastic limit is expressed as the moisture content
in percentage of the weight of the oven - dried soil; hence,
it was computed from the following formula:
Plastic Limit = Weight or Water x 100
Weight or oven-dried soil





plastic limit values of the Che~okee 8011 passing the No: 40
sieve, and mlxed at the same ratios, respeotively, with
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Effects of Sand Admixtures on the Liquid
Limit Values of Soils
The liquid limit of a soil is that moisture content,
expressed as a percentage of the weight of the oven _
dried soil, at which the soil will first begin to flow
when lightly Jarred ten times against the _heel of the( 12)
hand.
In the earlier years the scientists did not consider
this property as a seperate one, instead, called it the
state of plasticity where the amount of moisture exists
in higher contents. Albert Atterberg, the Sweedish
scientist, had named this property as the flow limit of
the upper boundary of the plastio oondition. Among many
scientists Atterberg was the first to realize the impor_
tance of this property. His method could be oonsidered
rather primitive compared to the present method of
measuring the liqUid limit of soils. The method adopted
by Atterberg was as follows:
The flow limit of the upper boundary of the plastic
condition:
About .s grams ot the olar powder of approximately
120 mesh, are put into a small poroel in 8yaporating
dish and made into a paste by the addition ot distilled




shaped into a smooth layer, a trifle less than 1 centi_
meter ( O. 39 inch) in thickness. The olay is then
divide~ into two portions by cutting a triangular -
shaped ohannel ( as shown by sketoh Figure 1, through
the mass, the lower edge being seperated a trifle.)
Figure 1
LiqUid Limit Prooedure
The dish is then repeatedly and sharply rapped
against the heel of the hand in order to bring about the
flowing together of the seperated portions. The flow
limit has been reaohed when the two portions of the olar
22
can barely be made to meet at the bottom, as shown in
Figure 1. If the paste is too thick or too thin, water
or clay is added until the proper consistenoy has been
attained.
The water content of the clay mass in this oondition
is then carefully determined by drying to oonstant weight
and the value expressed in terms of percentage of the dry(13)
weight of the clay.
As can readily be seen, from the above made explanation,
Atterbergls method is almost completely dependent upon
the jUdgement of the performer of the tests. The performer
needs to be able to aply the blows on the heel of the hand
at the same distanoe and with the same speed, which is
rather hard to acoomplish until the performer has had
enough experience on running the liquid limit teets. Aa
this property is of great importance in determining the
characteristios of the olay, a number of soientists tried
to tind a more satisfaotory method which would enable
them to obtain conoordant results. Finally, the Casagrande
apparatus was devised which proved to be the perfeot
mechanioal device tor running the liquid limit tests.
The parts of this mechanical device and the method
of operation is as follows:
The liquid limit device designated to perform the
liquid limit test meohanioallY 1n aocordanoe with















Atterbergfs definition is illustrated by the drawing,
Figure Z. It consists of a brass cup and carriage and a
grooving tool.
Attaohed to the brass cup, 0, is a handle, D, so
shaped that it serves first as a hook which allows the
cup to turn around a pin, P, and second, as a cam follower.
By means of a cam, E,turned by a crank, F, the cup is
lifted to a specific height and dropped upon a polished
base block, G, of hard rubber of quality which can be
machined. The height to which the cup is lift~d is adjusted
by means of an adJustement plate, H, carrying the pin, P,
and held in place by two screws, I.
This adjustement - to the height of 1 centimeter in
the present instance - was the only calibration required
and was made within an accuracy of t 0.2 millimeter. It
was acoomplished by means of a metal strip or gauge with
a height of exactly 1.00 centimeter and strictly straight
and parallel edges. This procedure for making the calibration
was as follows:
The point where the cup carne in contact with the base,
which appeared as a small shiny spot on the cup atter
it dropped a number of times, was located. Then the
adjustement plate was fixed 1n such a position that the
height of drop was approximately 1 centimeter and the
orank turned so that the cup reached its maximum heigh.
In this position the shiny spot referred to before was
25
readily observed although a flash light was of appreoiable
aS8istance in this respect. The gauge was then placed
with one side upon the base in such a manner that the
height of its top side could be compared with the height
of the shiny spot on the oup. The adJuetement plate was
then loosened and tightened at other positions successively
until the height of the spot was equal to that of the top
side of the gauge. The screws of tne adjustement plate
were now tightened so as to make it impossible to unscrew
them by hand.
In Figure 3 it can be seen that the height of drop
( hA ) of point A, is greater than the height of drop
( hB ) of the tangent to the lowest point B above the
base. The difference (~h ) is dependent upon the relative
position of points R, A and C.
Had the device been designated so that no calibration
were possible the whole apparatus would have required the
type of very accurate workmanship furnished only by those
speoializing in the construotion of scientific apparatus.
In the design desoribed above, however, the few dimensions
( see Figure 2 ) speoified, required only the ordinary
aocuracy furnished by any good workshop.
The grooving tool is made of tool steel to the dimensions
shown in Figure 2 and hardened atter the dimensions are
ohecked. The dimensions of the groove exert an important
influence on the outoome of the tests. Therefore, these
\26
FIGURE 3
HEIGHT AOJUSTEMENT ON LIQUID
LIMIT" DE:vICE:.
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dimensions of the grooving tool which control the croes -
section of the groove had to be made with precision.
They are the width of the top, 11.0 millimeters; the width
of the bottom, 2.0 millimeters; and the height, 8.0(14)
millimeters.
In the determination of the liquid limit values of
the soile mixed with sand that were used in tne preperation
of this paper the Casagrande apparatus was used. The steps
followed in this method were as follows:
Apparatus: The apparatus consisted of the following:
A porcelain evaporating dish about 4 1/2 inches in
diameter.
A spatula having a blade about 3 inches long and
about 3/4 inch wide.
The Casagrande apparatus consisting of a brass oup
and oarriage, construoted aocording to the plan and
dimensions shown in Figure 2.
Suitable containers which prevent loss of moisture
during weighing.
A balance sensitive to 0.001 gram.
Calibration of the Casagrande apparatus: By means
of the gauge attaohed to the grooving tool, and the
adJustement plate, H, Figure 2, the height to which the
oup, C, is lifted was adjusted so that the point on the
w ~h comes in contaot with the base was exaot
Publio Roads, No: 13, pp. 122-123, Mar.- Feb. 1932 - J3
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1 centimeter ( 0.3937 in. ) above the base. The
adJustement plate, H, was then seoured by tightening
the sorew, I.
Sample: A sample of Clarkswille soil weighing about
30 grams was taken from the thoroughly mixed portion ot
the material passing the No: 40 sieve and was mixed with
sand passing the No: 40 sieve at the ratios of 1 : 10,
2 : 10, 3 : 10, 4 : 10, 5 : 10 sand to clay respectively.
( Ratios by weight )
Procedure: The mixture was placed in the evaporating
dish and thoroughly mixed with enough quantity of distilled
water to give the mixture a putty like consistency. A
portion of this sample was then placed in the brass oup
in the position shown in Figure 2, leveled off to a depth
ot 1 oentimeter, and divided Dy means of the grooving
tool along the diameter through the centerline of the
cam follower.
The cup was then attached to the carriage and by
turning the crank, F, at the rate or two rotations per
seoond lifted and dropped until the two sides of the
sample oame into oontact at the bottom of the groove
along a distance or about ~2 inch. The number ot shooks
was then reoorded and the moisture oontent or the soil
determined on a portion taken from around the groove.
The foregoing operations were repeated for two or
three additional portions of the sample to whioh
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suffioient water had been added to bring the soil to a
more fluid oondition. The obJeot of this procedure was
to obtain samples of such consistenoy that the number
of shocks required to close the groove will be below and
above 25 within a range of 8 to 50 shocks.
A n flow ourve " representing the relations between
moisture contents and corresponding numoer of shocks was
then plotted on a semi - log graph with the moisture
contents as absoissae on the arithmetical scale, and the
number of shocks as ordinates on the logarithmic scale.
The moisture content corresponding to the interseotion
of the flow ourve with the 25 shock ordinate was then
taken as the liquid limit of the soil and sand mixture.
The same procedure was repeated for each ratio of sand
to 80il. Then the experiments were run again with the
Cherokee soil as the sample, again mixed with sand, at
the same ratios, both passing the No: 40 sieve.
The purpose of drawing the above mentioned n flow
curve n and its significance is well explained in the
Public Roads Journal as follows:
Instead of giving the liquid limit directly, tests
performed with the Casagrande apparatus disolose the
number of blows required to close the groove in soils
at different moisture oontents. The curve representing
the relation between the water content and the number of
blows is called the flow curve.
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The flow ourves are similar in charaoter to the voids
ratio - pressure ourves as determined by means of oonfined
oompression tests. They may be represented by the following
equation:
w =- F. log N C•............... ( 1 ) in whioh
w =moisture content in per cent of weight of dry soil
F _ oonstant, oalled " flow index n
N =number of blows
C - constant
Aooording to eguation ( 1 ) the semilogarithmic plots
of the flow ourves with the water oontent on the arithmetic
soale and the number of olows on the logarithmic scale
are straight lines. Plotting the flow ourves in this manner
is advantageous 1n several respects.
The flow ourve oan be drawn from a few reliable
points; mistakes can be deteoted much more easily on the
straight - line semilog t'han on the ourved - line arithmetio
plot; and finally, the flow index, F, is in this manner
defined as minus the slope of tne semilog plot. This
equals the range in moisture content oorresponding to the
number of blows represented by one oyole on the logarithmio
scale. Under ordinary conditions of tests it is oonvenient
to take the variation in moisture oontent oorresponding
to the oycle between 8 and SO blows as the flow index.
In order to understand the physioal signifioanoe
of the flow ourve and its dependent constants, one should
remember that the foroe resisting the deformation of tne
sides of the groove is the shearing resistance of the
soil. Hence, the number of blows required to close the
groove of a soil paste represents a relative measure of
the shearing resistance of this soil at this water content.
It follows that the shearing resistance of all Boils at
the liquid limit must have a oonstant value.
This shearing resistance, as indicated by a great
number of oomparisons of liquid limit determined by hand
by different operators, and the results of tests which
the meohanical device with a height of drop of one
centimeter equals that possessed by the solI when requiring
(15)
25 blows to close the groove.
(15)
Ibid. pp. 123 - 124
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Factors Influenoing the Aoouraoy of
the Values Determined
There are various faotors whioh need to be given
great attention if oorrect answers of the liauid limit
.
values are to be obtained. These factors, in order of
their importance, are:
( 1 ) Uniformity of mixture: It is especially
diffioult to obtain a uniform mixture when the test is
started from the original state. Samples of very uniform
clay deposits were found to oonsist of layers with
different physical characteristics, resulting probably
from the variation in the formative sedimentation
process. Increase in the colloidal content of soils
tends to inorease the diffioulty of obtaining uniform
mixtures whioh causes the sides of the grooves to
oontain streaks of soil whose true oohesion had not been
entirely broken up. Hence, the Clarkswille and Cherokee
soils, used as sampl s in the preparation of this paper,
were thoroughly mixed, to avoid errors due to non -
uniform samples.
( 2 ) Degree of drying the sample: Flow curves
determined for soils in the dried and powdered state will
give very consistent results beoause the powder oan be
mixed more thoroughly than the natural wet Boil. Drying
soils, however, may oause a slight drop in the liquid,
and also, in the plastio, limits. As oven - drying also
affeots the acouraoy in determining ooncoraant results
the soils used in the preperation of this paper were
air dried, powdered and thoroughly mixed.
( 3 ) Aoouraoy of height of drop and dimensions of
grOOVing tool: Results of experiments run by the Publio
Roads research department show that the effect of the
blows varies apprOXimately with the square of the height
of drop. An error of 0.1 millimeter in adjuetement of the
height was found to correspond with a change of 2 per
oent in the number of blows. Adjusting the height of drop
within an aoouracy of to.2 millimeter proved satisfaotory
for ordinary purposes. Test results indioate that the
dimension of the grooving tool whioh determines the width
of the bottom of the groove should be aoourate within
(16)
to.oS millimeter.
( 4 ) Cleanness of the apparatus: A drop of water or
small quantity of soil, looated at the point of contaot
between the oup and theoase, will reduce the effect of
impact to a oonsiderable degree and cause appreoiable
errors. Henoe, great oare was taken in keeping the
apparatus clean while running the tests.
(16)
Ibid. pp. 127 - 128
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The Plasticity Index
The plastioity index of a soil is the numerical
differenoe between its liquid limit and its plastic
limit. The plastioity index is caloulated by the formula:(17)
Plastioity Index _ Liquid Limit - Plastic Limit
By applying the above formula, the plasticity index
values of the Clarkewille and Cherokee soils, which were
used as the testing materials in this study, were
determined.
(17)
Standard Speoifications for Highway Material. and Methods
of Sampling and Testing, adopted by AASHO, p. 306 , (1938)
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Part III
Effects of Sand AdmixtUres on the Shrinkage
Limit Values of Soils
The shrinkage limit is another factor of 80ils which
helps determine their values as 8ubgrade 80ils. Terzaghi,
Rose, Atterberg and a number of other scientists used
several methode and ran several tests on the shrinkage
factors of different kinds of Boils.
At present Atterberg's method and definition of the
shrinkage limit of eoils is considered to be the most
satisfactory, whioh is explained as follows:
The shrinkage limit of a soil is that moisture oontent,
expressed as a percentage of the weight of the oven -
dried soil, at a reduotion in moisture oontent will not
cause a deorease in the volume of the soil mass, but at
whioh an inorease in moisture content will cause an(18)
increase in the volume of the soil mass.
Apparatus: The apparatus consisted of the following:




A spatula having a blade about 3 inches long and
about 3/4 inch wide.
A oircular porcelain milk dish haVing a flat bottom
and being about 1 3/4 inches in diameter by about 1/2
tnch high.
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A steel straightedge about 12 inches long.
A glass cup about 2 inches in diame~ r and about 1
inch high, the top rim of which is ground smooth and level.
A glass plate with three metal prongs for immersing
the soil pat in mercury, as shown in Figure S.
A glass graduate haVing a capacity of 10 cubic
centimeters and graduated to 0.2 cubic centimeter.
A balance sensitive to 0.001 gram.
Sufficient mercury to fill the glass cup to over_
flowing.
Sample: A sample of Clarkswille soil weighing about
30 grams was taken from the thoroughly mixed portion of
the material passing the No: 40 sieve and was mixed with
sand passing the No: 40 sieve at the ratios of 1 : 10,
2 : 10, 3 : 10, 4 : 10, 5 : lOot sand to olay respectively-
with 30 grams of Clarkswille soil at each different
ratio plUS the amount of sand as indicated by the ratios.
( Ratios by weight )
Procedure: After thoroughly miXing the two materials
the mixture was plaoed in the evaporating dish and water
was added in amount sufficient to fill the Boil voids
completely and to make the mixture pasty enough to be
readily worked into the porcelain milk dish without the
inclusion of air bubles. The inside of the porcelain
milk dish was coated with a thin layer of vaseline to
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of the wetted mixture equal to about one-third of the
volume of the milk dish was then placed in the center of
the dish, and the eoil was caused to flow to the edges
by tapping the dish on a firm surface cushioned by several
layers of paper. An amount of mixture was added approximately
equal to the first portion, and the dish was again tapped
until the mixture was thoroughly compacted and all included
air had been brought to the surface. More mixture was
added and the tapping was continued until the dish was
completely filled and the excess mixture stood out about
its edge. The excess mixture was then struck off with a
straightedge, and all the soil adhering to the outside
of the dish was wiped off.
The dish when filled and struck off, was weighed
immediately and the weight was recorded as the weight of
the dish and the wet mixture. The mixture pat was allowed
to dry in air until the color of the pat turned from dark
to light. It was then oven - dried to constant weight at
o110 0, and the weight was recorded as the weight of the
dish and the dry mixture. The weight of the empty dish
was determined and recorded. The capaoity of the dish
in oubic oentimeters, whioh 1s also the volume of the
wet mixture pat, was determined by filling the dish to
overflowing with mercury, removing the excess by pressing
the glass plate with prongs firmly over the top of the
dish and measuring the volume of the mercury held in the
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dish in the glass graduate. This volume was recorded as
the volume of the wet soil - sand mixture pat, V.
The volume of the dry mixture pat was determined by
removing the pat from the porcelain milk dish and immersing
it in the glass cup full of mercury, in the following
manner: The glass cup was filled to overflowing with
mercury and the excess mercury was removed by pressing the
glass plate with the three prongs ( Figure 5 ) firmly
over the top of the cup. Any meroury which had adhered
to the outside of the oup was carefully wiped off. The
oup filled with mercury, was placed in the evaporating
dish, and the soil pat was placed on the surface of the
mercury. It was then carefully forced under tne mercury
by means of the .glass plate with the three prongs and the
plate was pressed firmly over the top of the oup ( see
Figure 4 ).
Particular precaution was taken to see that no air
was trapped under the mixture pat. The volume of the
mercury so displaced was measured in the glass graduate
and recorded as tne volume of the dry mixture pat, '0-
Computations: The weight of the milk dish was
sUbtracted from the weight of the dish and the wet pat
to give the weight of the wet soil - sand pat, W. The
weight of the milk dish was tnen subtraoted from the
weight of the dish and tne dry pat to give the weight
of the dry so11 - sand pat, Woe The moisture content,
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w, of the soil and sand mixture at the time it was put
1n the dish, expressed as a peroentage of the dry weight




The value ot the shrinkage 11m!t was determined by
the tormula:






w = moisture content of the wet mixture, in peroentage
of the weight of oven - dried mixture-
V _ volume of wet mixture pat
Vo =volume of dry mixture pat
YO = weight ot oven - dried mixture pat
The same prooedure was repeated to determine the
shrinkage limit values of the Cherokee soil passing the
No: 40 sieve and mixed at the same ratios, respeotively,
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The Boil composing the subgrade might be said to be
the most important of all materials used in the construction
of highways since lt is the one component of a highway
that is absolutely essential. The engineering properties
of soil, probably more than any other factor, lntluence
the life and servlce of all types of road surface. With
these faots in mind, the writer had undertaken this
research work to determine tne effects of sand admixtures
on some of the physical properties of these subgrade
solIs, henoe add more information to the present knowledge
about so11s. The conclusion of the experiments run in
thls study can be listed as follows:
1. Add1tlon ot angtllar - and - rounded sand to the
Clarkswille soil results with a regular decrease ln the
plastic llmit values, trom 41.17 per cent at the ratio ot
1 : 20 to 24.45 per cent at the ratio of 10 : 20.
2. Addition of angular - and - rounded Band to the
Cherokee soil results wlth a regular decrease in the
plastic limit values trom ~8.01 per cent at the ratio
ot 1 : 20 to 18.10 per cent at the ratio ot 10 : 20.
3. Addition ot angular - and - rounded sand to the
Clarksw1lle Boil results with a regular decrease in the
liquid limit values, trom 75.00 per cent at the ratio
of 1 : 10 to 49.26 per cent at the ratio of 5 : 10.
4. Addition of angular - and - rounded sand to the
Cherokee soil results with a regular deorease in the
liquid limit values, from 33.80 per oent at the ratio
ot 1 : 10 to 24. 90 at the ratio of 5 : 10.
S.Addition of angular - and - rounded sand to the
Clarkswl1le soil results with a regular decrease in the
shrinkage limit values, trom l4.2S per oent at the ratio
ot 1 : 10 to 11.95 per cent at the ratio of 5 : 10.
b. .Addl tlon of angular - and - rounded sand to the
Cherokee solI results wlth a regular deorease in the
shrlnkage llmlt values, from 16.46 per cent at the ratio
of 1 : 10 to 13.05 per cent at the ratio of 5 : 10.
7. Addl tlon of the angular - and - rounded sand to
the Clarkswille and Cherokee solIs gives granular
partioles, and as granular partioles can not absorb
water the amount or moisture of these two soils deoreases
with the increase of the amount of sand added.
8. As the amount of sand added increases the
percentage of voide decreases where the sand added is
a mixture or angular - and - rounded partioles;
consequently, the moisture oontent of the mixtures
decreases with the deorease 1n the percentage or voids.
9. With regard to Bubgrade soils, in case the above
mentioned physical properties of the available soil are
higher tnan the required values they might be deoreased
to the desirable values by the addition of sand ot
desirable shape and grain sizes.
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10. A real study of the effects of sand admixtures
on the physioal properties of soils to determine concordant
results, that eould be referred to when necessary, could
be accomplished with several kinds of Boils, and sands
of different grain sizes and shapes whioh would reqUire
an extended period.
This study was undertaken for the Bole purpose ot
starting research work along this line which is of
utmost importanoe with respect to subgrade soils in
highway oonstruotion.
The writer of this paper hopes that there will be
others doing their research work on the same subject,
part by part, and some day it will develop to be a source
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